Abstract
as autoconversion and accretion in warm rain formation. In this study, we use ground-based 23 observations and retrievals over the Azores to investigate the so-called enhancement factors, 24 Eauto and Eaccr, which are often used in climate models to account for the influences of sub-grid 25 variances of cloud and precipitation water on the autoconversion and accretion processes. Eauto The bias is found to be smaller by using a probability density function (PDF) of cloud water to 87 represent the sub-grid scale variability in autoconversion parameterization (Beheng, 1994 to sub-grid scale variation of qc and Nc, the autoconversion rate can be expressed as: calculations by integrating the PDF of ̅̅̅ rather than using Eq. (5).
173
To account for the covariance of microphysical quantities in a model grid, it is difficult to 174 apply bivariate gamma distribution due to its complex nature. In this study, the bivariate 
Ground-based observations and retrievals

184
The datasets used in this study were collected at the Department of Energy (DOE) 
213
The estimated uncertainties for the retrieved qc and qr are 30% and 18%, respectively (see 214 Appendix A). We used the estimated uncertainties of qr and qc as inputs of Eqs. (4) and (7) 
Results and discussions
247
In this section, we first show the data and methods using a selected case, followed by 248 statistical analysis based on 19 months of data and multiple time-intervals. production and high rain rate as seen from WACR reflectivity and qr in Figure A1 . drizzle-sized drops from autoconversion process when the cloud is precipitating.
311
The PDFs of Eauto calculated from Nc also share similar patterns of positive skewness and 312 peaks at ~1.5-2.0 for the 60-km and 180-km equivalent sizes (Figures 2c and 2d average Eauto is exactly 3.2 while Eaccr is much larger than 1.07 when compared to finer 406 resolution simulations. In such situations, the simulated precipitation will be dominated by the 407 'too light' problem, in addition to regime-dependent (Table 2 ) and as in Xie and Zhang (2015) , 408 Eauto and Eaccr should be also scale-dependent. In this study, we use the information from rain properties near cloud base to further constrain There are two constrains used in the retrieval. One is that the summation of cloud and rain 
